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ABSTPACT

The serologlcal, bilochewical and enzymic specificities of
shigelle associated with virulence were sought after in conjunction
with the ahility to induce changes in the lipasted intestinal loop

of rabbits. The lactose or sucrose positive shipella were isolated
from patients and the correlaticn of the ability to ferment lactose
and sucrose and the -bilitv to induce chanres in the locp were &x~
s=ined., The ability to ferment lactose seems to assoclated with
virulence but antigens seems more closely sssocliated with virulence,
The ability to agmlutinated by acid which was said to be associated
with virulence was not associated =with the ability to induce changes,
The patholorical changes di® not as:ociated with the number of
shigella recovered after 24 hours of inoculation, if the number was
exceeded 108, Shigella was mutated to non-virulent mutants several
hours after inoculation and some of shigella recombined with resident-
ial organisms and became lactose positive or shigella without shigella
antigens. These orgenisms had wesker ability to induce chanses. DBut
on the other hand, there were residential organisms which enhanced

the patholowical changes in the loop.
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1. PURPOSY OF THE Q.5 EARCH,

Dysenterv is still a verv lmportent disease throughout the world,
This is especislly true in the underdevelonins countries and in places
where a group og people live closelvy together, The use of antibiotics
in the treatment of this issase has certainly lowered the death rate,
but with the developmeny of resistant mutants, the treatment and com-
trol of this disease are becomins more cowplicated, Therafore, an
effective preventive measure i3s necessarv for the control of this
diserase.

It was unfortunate that the investigations in this field were handie
capped by the unsuccessful animal exceriments., A f[ew vears ago, Formal
et al succeeded in infectine guinea pigs by orel administration of
Shigella species following pretreatment of the unimals with carbon
tetrachloride. However, animals infected by this method still died
from septicaemia, and, by this method alone we cannot expect eo solve
the problem of dysentery. More recently Formal et al and Imaizumi
et al succeeded in infecting monkeys by oral adninislretion of shigella.
Mo.ukeys thus infected ~how the tvpical dvsenterv smptoms and the pa-
thological changes. But monkevs are too expensive to use for analytice-
al study of dvsenterv infection,

By the use of a modified tcchnigue of the ligated intestinal loop
method, which wes first developed and tried by De on Vibrio cholera,
we secceeded in producine patholo-ical chanwes of the loop by intro-
duction of Shigella snecies. Histclosically these changes are in
analoey to that of human dvsenterv., Therefore, we thin% this method
is best suited for use in the analytical study.

The purpose of the reseorch is to determine the serological, bio-
losical and enzymatic specificities of Shigelia species as well as
the factors influencine the infection, such as S mutation of organisms,
in conjunction with the patholowrical changes induced in the loop.

S R R T AN BT AR e

2. THE METHOD O PREPAIRTNG THC LIGATED IWNTESTIWAL LOOP.

Rabbits are starved for 24 hours before operation. The snimals
are then aesthetized with Sodium thiopental and an incision is made
at the center of the abdomen. The small intestine is brought out to
the operational field and lipated at two places; the length will be
determined by the number of loops required for the experiment. The
rumen of the loop is washed with sterile saline, and holes, which
are opened by the insertion of a needle and a glass tube for wading,
are closed by ligation. Then the portion of the loop near the ligated
holes are separated by limation, Tvo to four loops are made from
this washed loop, each hsvire a leneth of about 12 cm, and the organ-
isms to be eRamined are injected with the aid of a syringe into each
loov. The portion of the loop vhere injection is made is separated
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by ligation. Loops will be replaced in t'eir original site and
abdomen closed,

This modified technlaue is lifierent from the oriminal De‘s tech-
nique 1n two points. The first is that the inside of the loop is
washed ith saline, so that tte contents of the loop including normal
flora ares washed out and the organisws introduced will have betterx
chance of proliferation and infeeti~n., The second is that the port-
ions of the loop which received injuries either by incision or by
insertion of needle are separated bv another ligation, 50 that the
non~-specific inflamations caused bv the injuries of the loop are elimi-
nated.

Rebbits are sacrificed after 2% hrours of operation and any macro-
acopic changes ocourin> at the loovs are recorded. The fluid which
accurulated in the loop is drawn out aseptically with syringe and exam-
ined for its character and also plated on agar plates for viable count.
The loops are then excised for hist~lorical examinations. The dexree
of the changee of the loop is recorded as follows:

++4= Macroscopically ttre loop i swollen te its maximum, with
or without reddening by canillary expansion. The charact-
er of the fluid inside the loop iz mostly pus with or withe«
out blood. Histologicalyy epithel cells are destroyed
and it is almost impossible to differentiate mucosa from
submucosa »eécause of a strong bleeding, Epithel cells,
blood and cells frow infiltration are becomine the exu-
date of the rumen,

++= The loop 1is swollen alrost to its maxi~um with or without
capillarv expansion. VFluid of the loop consists of pus
and serous fluid without bloed. The hi~sht of lamina pro-
pria is verv low epit- el is destroyed in some part ~nd
tre order of the cells is irrerular. ‘'ucosa and submucosa
are swollen by ovedema 3nd cell infiltration is prominent,
Partial bloodin~ presert,

+= The loop is swollen »ithout canillarv expan=ion. Fluid
of the loop contains a little pus. Fnithel cells are
a lirtle out of order. In lsmina vronria and in submucoss
irfiltration of the cells are se~n.

== No macroscopic and microscopic chrange is seen.

3,  EXA=IVATION OF SPCCTPIC FHARACTI™ 1% SHIGELTA D ITPS
CORRFLATION TO THE AGTLITY ™0 TEDMICE CHANTES I Tv™ LA9P,

It is well known that the organisms isolatel fror patients acs
rich in type-specific antigens, ani it is also said that thne newly
isolated organisms have a strons agglutinabilitv to acid at around
pH 2.95., Organisms which have such characteristies are said to have
strong virulense to mice, vhich imply that these characters are the
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necessary factors for infectinn and the cause of dvsentery in man.
Therefore, we examined th s ability of theze ri-aractera to induce
changes in the loop and also sought for other factors of the organisms
in conjunction with the abilitv to induce changes in the loop,.

a. Isolation of oreanisms,

Stool specimen of the patients “iarnosed as dysentery were collect~
e¢d from the Toshims and Ebara Municipal Rospital in Tokyo and streaked
on 38 amar and BTB lactose plates. Plates were incuhated for 16<24
hours at 37C, then ten (10) each of lactose necative and positive colo-
nies ware isolated. Strains thus iaso0lated were numbered and stored
in seml=s01id media and used throurhout the exvrerimenta.

b. Blochemical and serological examinations.

(1) Biochemical reactions.

Fermentation of lactose, sucrose, arabinose, rhamnose, raffi-
nose, mannitol, dulcitol, adonitol, inositsl, corbitol, and salicin
was examined. Most of strains showed tvpical fermentation reactions
but some of them showed atypical reacticms. £ight (8) out of 222
strains examined fermented lactose after % to 7 days incubation, and
twenty eight (28) strains fermented sucros=. These strains do not
belong to shigella according to the definition, but, because these
atrains were isolated from typical dvsentery cases and except lactose
and sucrose fermentation those strains showed the same biochemical
and serological reactions ss shicella, and also because it is possible
to induce lactose and sucrose ferwentation ahilitv to shigella from
E. ¢oli by genetic recombination, we included those strains for further
studies as a mutant of shirella.

(2) Serological reactions.

Using tvpe-specific and e¢rovp sera, we typed the 222 strains.
The sero-type of strains is as follows:

seororivpe MBSl serowype  Bemberof
Sh. flexneri la 3z Sh, flexneri L4 7
1b 10 var. X 2
2a 56 var. Y 5
2b 25 Sh. sonnei I 55
3a 59
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All of the strains showard tvnical serolovical reactions and the diatri-
butica of the cerc-tvpes was almost the rame nmm that of repnrtsd by
others in Jar-n.

(3) Acid=asglutination resction,

Acid amgrlutination reaction was ¢mrried out using Michaelis'®
lactic acid buffer sclution. Trepara*ion method and pH used for the
experimente are shown below.

{a) Prevaration ~ethod and pH,

] Tube No. o . -
1 2 3 4 5 6"
1 N, NaOH (m1) 5 5 5 5 5 S
1 N, Lactic acid (ml) 7.5 10 15 25 Ls 8s
Distilled water (ml) 27,5 85 80 70 50 10
pH 4,15 385  3.55 325 2,95 2.65

{b) Met*od of acid~arclutination,

A strain to be tested was cultured on nutrient agar plate
and incubated at 37C for 18 hours. Oreenisms were harvested and sus-
pendsd in distilled water, so as to the susvension contains asbout
6x10” organis~s per ml. One ml each of the suspension was added to
each tubes containing two (2) ml of buffer =olution of various pH.
Tubes were incubated at %7C for 2 hours, then examined thether organ-
isms were agrlutinated or not. Results were recorded as follows:

+++= All of the ormanisw+s were asclutinated and supernatant clear.
+4= 50-90% of the organisms were ag-lutinated.

= Weak agglutination.

«= Very weak a«rlutination.

= No ae~lutiration.

(c) Result.

Eight (8) out of 91 Sh. flexneri strains tested showed
++4 reaction in one or more tubes., Twentv (20) strains showed ++ react-
ions, 18 strains showed + reaction, and 45 strains showed -~ reaction,
Ratio of acid-agrlutination positive strains armone nevly isolated
strains was 50.5%, and this does not apgree with the revort of Anzai
et al vho has reported that <ore than 0% of the newly isolated strains
were apglutinated bv acid. Moreover, in our experiment agrlutination
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occured at aeveral pH and there was no Aifference in its degree of
agelutination between tubes. This also does not agree with Anzai's

which steted thal the agglutination occured stronglv at pi 2.35.

One of the conditions which differ from Anzai's experiment was the

resistance of the organisms against antibiotics., Fifty (50) per cent

of the organisms now isoloted from patients are resiatant to anti-

biotics of some kind while the resistant organisms occupied only a

minor part several years ago. Therefore, we investigated *he corre-

lation of antibiotie resistance and acid-acclutination ability, but

we could not find any correlation, !

¢. Correlation of biochemicel and gerological characteristics
to induce changes in the loop.

(1) Correlstion of biocherieal characteristics and the
patholoricerl chanees,

We examined the abilitv of lactose positive shigella to induce
changes in the loop., Of P lactose positive strains, 1 strain showed
positive patholoeical changes, mhile remaining 7 etrains showed no
change. (Table 1)

Formal et a2l reported that »her lac locus was introduced in
shigella from E, coli, the abilitv to cause dysentery in animals was
lost. In our recomhination experiments too, the sbilitvy to induce
changes in the lovp was lost when lac locus was introduced into shigella,
but in those cases the tyoe-specific antisens were also lost and we :
could not decide whether the loss of nathorenicity waz associated :
with the introduction of lac locus or chanme in tvpe-specific antigens.

The lactose positive strains we isolated were entigenically
specific to their tvpes, s0 it is most »robable that the locus cone
trolling the vathorenicity is eloselv linked to lac locus, although
we were still testing either the lac rositive property is episomal
origin or derived from mutation at lac loci.

0f 28 sucrose positive strains, 14 strains (50%) showed positive
pahtolocical changes. Therefore, mutation in this fe -mentation doea
not seem to afiect the abilitv to induce chances in the loop.

No correlation was found between anv of other bioche—ical
reactions ~rd the abilitv of inJducine chanses ir the loop.

(2) Correlation of serolo~ical characteristies and
the patholorical chanzes.

As is seen in Table 2, serotvpe which showed the hichest rate
of the changes was Flexneri 3a followed by 2a, 4a, la, 2b and sonnei
I. Although Flexneri var. Y showed rather hich rate of chauge,
the degree of the change was wealk compared to others and I think

—_
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the ability of thin sero<tvpe to induce changea are the weak one,

She {lexneri var. ¥ showed no chapnge st m21l, though the number of the
strains tested were small. We isclated the ppeque colcnies which have
weak type-specific antigens and more group antigens from the newly
isolated organisms and compared for their ability to induce changee
with that of the original strain. The opeque colonies showed a verv
few positive loons vhile the latter showed almost 10C% positive

(Table 3}, From this, it se~ms that the pathorenicity o: the organism
directly associated with the type-sc~ecific antigens, but, as we stated
before, the pathogenicitv of the organisms also associsated with the
lac locus, it is conceivable that thre locus controlline the pathogen=
icity is located between the lac locus ard the loci controlling the
type-specific antipens,

We also zousht for the srecific antiesens which directly ac-
socimted with the pathosenicity by immunizing rabbits with the patho~
genic and non-pathogenic straine of the seme sero-tvpe and absorbing
the sera with each otver to see whether there is nav specific antibody.
But, so far, we could not find any specific antigen which exist only
in the pathogenic streins, by arrlutination technique, and we will
continue to seek for the specific antigens by the use of available
immunochemical wethods.

(3) Correlation of the abilitv to arglutinated by acid
and the patholosical changes.

As is seen in Table 4, among 45 acld apelutination positive
strains 32 strains showed the positive changes in the loop, but also
among 45 acid agslutination negative strains 25 showed positive changes.
And out of 57 positive loops, 32 were induced by strains agglutinated
by acid, and 25 were induced by strains non-agglutinable by acid.
Therefore, there is no direct association between scid agglutination
and the ability to induce chanmes in the loop.

As 1s seen in Table 5, when we isolated the colonies which
were agglutinated by acid verv weaklvy and tested for their abilitv
to induce changes in the loop, theee strains showed a very weak or
no change, therefore, it lookes like the ability to arglutinated by
acid is associated with the abilitv to induce changes, but we assume
that the difference in abilitv to induce chancwes is assoclated with
other changes than the chanre in the ubility to apglutinated by acid.

d. Summary and Discussion.

In the experiments to examine the srecific characters of shigella
in conjunction with the abilitv to induce changes in the loop, we could
not find any definit evidence but we can conclude from our 4- .a that
the loci controlling lactose fermentation are closely linked to the
loci controlling the virulence of the organisms and the ability to
agglutinated by acid is not associated with the ability to induce
changes in the loop.
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But in the c¢orse of our studv, we found several interesting facts.
The one is that there are orginisms in which their biochemical reaction
was altered in one particular fermentation resction and by that they
¢~ .not be ¢lassified as a shigella, and yet thev can lnduce changes
in the loop. This is8 quite important for s diegnostic pcint of view.
Usually lactose positive orgenisms are not seek after as a shigella
and yet, as in our case, shigella can be found amcng the lactose posi-
tive strains. Therefore, it will be a good excise to plick up lactose
positive colonies if patiente showed the tvpical dvesentery symptoms
and vet no lactose negative organiasms could be isolated.

The second is that there is a decrease in the ratio of str ins
agelutinated by acid among the newly isoleted streins. We do not know
whether there is any association with tre incremse in milder dysentery
cases ¢r increase in antibiotic resiatant etvains or not, but, s¢ fur
a8 we tested, there is no correlation between the ability of aggluti-
nated by acid and stibiotie resistance.

4, MUTATION OF ORGANISMS IN THE LOOP.

Occasionally the sero-types of the organisms isolated from patients
are different at the beginnineg and at the converescent stages of the
disease or are mixed from the bicinning. Sometimes it is explained
as a mixed infection, &nd in other cases it is diffirsult to explain
by this mode.

Tt is well known that shigella is capable of changing its an*igens
in vitro in the presence of antibody, or by lysogenic conversion.
Therefore, it is possible that the similar change can take place in vivo.
Also shigella having an altered biochemical reactinn can be isolated
from patients and we still do not know the cause of the change.

Our purypose is to exar . ¢ whether a wmutation occurs in the loop
or not, and if mutants or - ranisms which have altered biochemical
and /or sercicgical chars:.c: "stics were isolated, to examine the
ability of these mutants - .nduce changes in the loop and to investli-
gate the selection mechanism.

a. Method.

Shigella strains to be tested was inoculated on nutrient agar
slant and cultured at 37C for 16 hours. Organisms were harvested jn
brain heart infusion broth so as to the suspension contains 2-5x10
orgenisms per milliliter. Half a milliliter (0.5 ml) of the susvension
was injected into washed and unwashed loops. After 2% hours of inject-
ion, fluid in a positive loop was drawn aseptically-- in case of a
negative loop, inside of the loop was washed with sterile saline --
and a serial dilution was made with sterile saline. One tenth (1/10)
ml each of the dilui.on was plated on SS and BTB lactose agar plates
and incubated st 37C for 18 hours. All of the lactose negative
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colonies appeared on theplatem were picked snd examined for their bio-
chemical and serologies! reastions. Ten (10) lectose positive colonies
ware 8135 sxaminad for their remctions.

b. Result,

The numbers of the organisms recovered from tha positive and the
negative loops are shown in Teble R,

As i8 seen in Table 6, the numbar of the oiganisms recoveired fronm
the positive loops were frog 2.4x10° tp 3.6x107 and that of the nega-
tive loops were from 1.0x10° to 8.5x107 and there was not much differ-
ence between the positive and negative loops. But alwmost all of the
organiems isolated from the washed loops wers the lactose negative
with a few exception, while the orraniems isolated from the unwashed
lonps were the mixture of both the lmctose positive and negative
orgaeniams in various proportinne, regardless of whether She loop showed
the pathological changes or not. Therefore, it sugrests that whether
the patholocical change ocenrs or not is not merely controled by the
number of the organisms but other factors, such se character of organ~
isms or resistance of hosts, play ean important role.

All of the lactose nepative ormanisms were tested for their bio-
chemical and serological ractions. Unexpectedly about 60-70% of the
biochemically shigell)s oreranisme did not react with any of the known
shigella sera, even after prolonred heating at 121C, Recovery rates
of those organisms are shown in Tahle 7, It is esvecially interesting
that thare were two cases that we could not isclated the typical
shigel.a at all.

We, therefore, examined the apglutinin titer of the rabbits and
¢hequed if there was any correlation between the occurence of the
non-agglutinable shigella and the presence of antibodies. But so far
there seems no relationship at all, that is, rabbits with no serum
antibody still excreate the non-sgnlutinable shiwella. Antibodies
present in fluid in the lcocop and their relation to non-agglutinable
strains is now under study. We will examine this phenomenon further
in the continuine contract period.

lactose positive organisms which were isolated from unwashed loops
were examined for their olochewical as well as seroloerical reactions.
There were many lactose pnsitive orsonisms having a type-specific as
well as group antigens of shizella, Some of them differ from shigella
only in their lactose fermentation and some of them had only a part
of shigella antigens. Most of the organisms having the partial antigens
of shigella are biochemically far apart from shipella and belong to
Es c0li; proteus, klebsiella and other Enterobacteriacea. We tested
the ability of those lactose vositive organisms to induce changes in
the loop., Of 24 strains, which biochemical reaction was changed in
one or two fermentation reaction and serclorically identical with
shigella, 10 showed changes in the loop, while other strains which
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bilochemical and serologic=l reaction was far apsrt from shigella showed
no change at all,

Thereafore, we think that the organisms which have type-specific
antigens and differ from shigella in one or two fermentation reaction
are derived from wmutation of shigella or from the recombination of
shigella with other enterie organisms in the loop, But, because we
¢ould not isolate the lactose poeitive shimella from the washed loops
we feel that the lactose positive varietv of shigella are derived from
recombination of shigella with other residential organisme. Therefore,
we have concentrated our efforts to the studv of interaction of shigells
and residentisl organisms.

5. INTERACTIOM OF SHIAELLA 'T7TW RESIDEMTIAL NRGANISM3,

In the case of dysenterv epidemics, there sre alwavs people who
do not fall 111 even when they dischage wany shigella organisms in
the stool, or are people who do not infected at all. In sone cases
immunity will play a role, but we cannot explain it only with immunity.
It is possible that the residential organisms interact with the invad-
ine organiswms and inhibit their proliferation, or chance their ability
to cause disease,

In our early experiments it was shown that the unwashed loop has
lower rate of change occurine when compared with the washaed loop and,
as we shown in the forezoing experiments, from unwashed loops we 1lso-
lated many lactose positive shigella or other enteric organisms having
a common antigen with shigella. These results suggest the possibility
of occuring the recombination in the loop.

Our purpose of the experiment is to examine the role of the resie-
dential organisms in a loop upon infection as well as a factor which
changes the character of invading organiams.

a. Method,

We isolated E, ¢oli from healthvy rabbits, from positive and nega-«
tive loops and tested for their ability to induce changes in the loop.
None of them induced change. Therefore, we introduced these strains
along with shigella which can induce c¢hanges in the loop. The loops
were examined after 24 hours whether any change occured or not.

We also used [, coli K~12 Hfr strain to see whether any recombi-
nation occurs in the loop or not, because we know this strain can
recombine with shirella 32 vitro.

b. Results

Twenty three (2%) strains of E, coli mere tested and only one
of them which was isolated from a positive loop prevented éhe changes

..when intsoduced with Sh., flexneri 3a. In this case 1.4x%10° of shigella

and 3x10° of E. ¢oli were introduced into the loop., The number Qf
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(;’ the shigella recovered after 24 hours was 8x%10° gnd that of the con«
. role loop which received shivells alones was 9%10” and the control
Z loop showed the positive chanpes. We repeated the rame expsriment

peveral times and had the sa~e results. Therefore, this particular

. strain has some ability to prevent the induction of changes without
‘ influencing the proliferation of the organisms., This E. coll iz not
E 5 typable with known gera of £. coli, nor have colicinogenic activity,
and there ls no particular characteristics which differeuntiatve this
strain from other E. coli, therefore, we still do not know why this
etrain inhibited the induction of the changes.

DA

We have tested the abilitv of shizellsa organis~s isolated from

the same loop to induce changes in the loop. Those organisms did

not induce the chanres at all, snd we thought at first that the

= orgenisms have been changed thair ahility by E. coli, but the organ-
lame lsolated from the control loops also lost the ability, therefore,
another explanation is neccessary for this phenomenon. We, therefore,

{:_ isolated the organisms at interval after the inoculation and tested

thelr ability to induce changes, ani found that the loss of the ability
is due to mutation and selection, i.e., orzanisms isolated from the
loop at the early stage maintain their ability but the organisms
isolated from the latter stage lost their ability, even when the
organisms were isolated from a positive loop.

In contrast to the above, one of the E. coli which was isolated
from a negative loop and itself could not induce any change at all
has an ability to enhance the changes when it was introduced with
a strain of Sh. flexneri 3a which has a weaker ability to induce
changes. This E. coli too has no particular characteristics which
can be differentiated from ot:er £, coli. We will investipate this
strain in the continueing contract reriod.

We also introduced F. coli K~12 Hfr strain with shigella and
examined whether any recowbination takes place in the loop or not.
A8 are seen in the Table 8 , all the loops tested showed a weaker
- é:, changes compared with the one inoculated with shigella alone.

In case of Sh. flexneri 3a, no lactose negative colony was recovered
from the loop, but by the further examination 1t was found that those
lactose positive organisms were not al) E, coli, but 70% of them
were lactose positive Sh. flexneri 3a. In case of Sh. flexneri 2a,
no lactose positive organisms was recovered from two loops out of three
loops examined, but those lactose negative orginisms were not all
shigella but some of them were biochemicallv shigella without known
shigella antigens. From remsining one loop, lactose positive organ-
isrma were isolated too, but in this case too, not all lactose positive
organisms were E. c¢oli, bur sore of them were shizella with lactose
positive property. In case of Sh. flexneri 2b and Sh. sonnei I,

" lactose positive organisms were all B, coli, but there were many
lactose negative organisms which hiochemical reaction was the typical
sliigella yet did not agrlutinated with any of the known shigella

e antisera,
[
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The mechanism of occurence of a lactose positive shixella and
occurence of a lactose negative shigella without shicells antigens
cen he sxplained by the genetiec recombination, because these phenomena
take place in vitro, but the rate of appearing these organisma are
the rare event inm vitro, therefore, we suspect that some kind of select-
ion mechanism 18 working in the loop., MWe will inveatigate the mecha-
nism in the future.

Shigella strains havine +the lactose positive property snd the shicella
without shigella antigens were tested for their ability to induce
changes in the loop, but none of thew have the ability. Therefore,
we 8till do not know which of the properties -- lactoss fermentation
and antigens--is associated with the ability to induce changes in
the loop. But the probable explanation will be that the locl coné
trolling the lactose fermentation and antipgens are closely linked
and the locus controlling the abilitv to induce changes in the loop
is located between them,

SUMMARY

1. Shigella having the abilitv to ferment lactose or sucrose can be
isolated from dvsenterv patients.

2. The lactose positive or sucrose positive shigella are capable of
inducing the pathological changes in the loop.

3, The ability of agglutinated by acid in shigella is not associated with
* the ability of inducing chanses in the loop.

4, Organisms having the ability to agglutinated by acid are decreasing
in number among tre newly isolated shigelia,

5. No correlation was found between the decrease in number of organisms
having the ability to agr-lutinated by acid and the increase in
antibiotic resistant mutants.

6, The number of organisms recovered from the positive and the negative
loops were almost the same,

7+ Shigella isolated from early stages of loop and the organisms iso-
lated from later stages of the loop was differ in the ability to
induce the patholowical changes.

8. Recombination of shigella with residentisl orpanisms does occur
in the loop, and lactose positive shigella or shigella without
shigella antigens can be produced in the loop.

9« There were organisms which inhibited or enhanced the induction of
the pathological changes in the loop without acting on the
shigella organiswms,
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The ability of lactose pos

Table 1

itive shigells

Lo imduce _changes in |

the loop.

Days to

Changes of

R - S
45 4 Flex. 1b +++

L6 ? " -

4o 6 " =

48 4 " -

78 3 Flex. 2a -

30 3 " =

e 6 " :

141 4 Flex. var, Y -
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Table 2

The rate of industion ofpathological
chanzes by shigella sero-~typs

Changes of the 1oop Rate of
positive
looyp

Sero-t
“type +++ +4+ + -

Flex. 1a 2 1 2/3
3/9
13 b2/55
11/16
24 /26
1/2
0/1
3/4
12/15

o

1b b

2a 18 18
2b S 1
3a 12 ?

SN BEERN | SR < S

var. X

var, Y 3

R Y N VIR

Sonnei 1 5 b 3

66
33
76
69

75
80

Total L3 30 25 33 103/138

75
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- Table 3
b
3
o Comparison of the rate of inducticn
= of patholozical changes between !
opague and translucent coloniesn,
) Translucent Opaque
C Rabbit No. colony colony
GR 33 +4+ -
%6 b 4
27 oy -
B 38 +++ -
39 +44 F
: 60 -+ -
; Rate of positive 6/6 3/6
£ % positive 100 50
= L
. C
g
§f
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Table 4

Correlation of the ability to
suzlutinated by mcid and %he
Tnﬁue?!on of patno)

[ogIogI changes

Positive loop
Acid agglutination Ac

Nexative loop
id agglutination

Strains not agglutinated by acid == 25/45

16

Sero~type + - + -
Flex. la 2
1v 1 4
2a 14 17 7
2b 3 1 8
Sa 14 3 3
4 1 1
var, X 1
var, Y 1 2
Total 32 25 i3 20
Ability to induce changes in the loop:
Strains agglutinated by acid -=--=- 32/45 = 71%

it

56%




Comparison of the rate of induction of

Table 5

pathological chanpes between original

and acid non-

ezclutinable mutant

Aeid
Strain No. Oripinal non~agglutinable
strain
strain

(1' 54 4 -
55 +4 -

58 + +

59 4+t -

40 +4+ -

62 +44 -

63 ++ -

LY T -

6hc: P -

554 TRy -

550 ++ -

664 -+ -

66C L+ -

70A +4+ -

20C - -

71A - -

?1¢C 4+ -

‘ 724 + -
C 72C + -
734 + -

73C ++ ++

Rete of positive 19/21 2/21
% positive 90% 9. 5%

Sero-type of the strains used are Flex, 3a.

o

ooy e
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The number of total shirella recovered

Tuble 6

from positive ard negative loops

Posltive loop

Negative loop

ype Thutt oo gt Seros TRt Iesuiue G,
18 27 3.0008 .70 1 c2r  2.0m0%  7,0x10°
" " 1.4x10%  1.6x10° " " 1.2x208  3,3x10°
b c28  2.0x10°  1,5x10° nooc28  1.6x107  1,5x10°
2a €29  1,0x10°  2,2x10%° " " 2.5x108  2.9x10°
W 3sm0d 2,umod woooon a,5x108  4,5x109
" " 3.5x10°  1.1x10%° " " n.0x108  5,5x10%
nosc30 2.0x08  2.7x107 " oc29  4.0x108  6.5x20°
" " 1.5%10% 1010 " " 1.5x10%  2.5x10%
" " 5.0x10°  1,3x10° 26 c39  4.ox20®  s.0x108
" " 1.5x10°  6.3x10% n ogho  2.5x108  2,0x10°
" " 2,5%10°  7.0x10% " " 3.0x10°  3.5%10?
2 039 2.5x0°  2,0%10° " " 3,5x105  5,0x108
" " 5,0x108  1.3x10? " " 2.5¢00%  1,0x10%
" " 2,5x108  3.6x107 oo 3z.0x0® 3.sx0°
" " 4.5x00%  5.0x10° 38 " 4,0x10°  8.5x107
" " 3.4x108  4,8x108 " " 2.5x10%  5,0x108
3 ob5  h.ox10®  3.6x101° o ochr  besy10®  1.0x109
wooos6 3,000 8.50a08  var.x  ® 5,0x¢10°  1.0x10?
" " 2.5x10%  4.0x108 y o L4x10°  4.ox08
" " 3,000 2.4x10° " " 1.5x10° 1.0x10°
" " 3,52108  2.0x10% W cs8  5.0x10°  2.3x107
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Table 7

Rate of appearance of shigella
having no known shigelie antigens

Rates of

R G e e T e et s

— loop organism organism shigella
l; . antigong
278  la 30 3.0x10° et 6.7%107 10 1/3

275 v 5o 245x108 aee  16m0% 50 1/6

295 2a 51 1.0x0® s 105 102 1/2

300 - 55  1.5x10°  ees 100 0% 2/3

306 " 56 5.5x10°  wer 1.3m00 10 1/3

304 2b 102 bo5x20°  +ee 5.0m0° 100 1/3

b3 3a 121 3.5x10° v 2.amc® 10 2/5

. L3e m 123 2,0x10° +  s.omo® 10 1/4
€ wha v 127 7.5m08 4 1,3x10%  10? 3/3
286 1b 48 7.5x10° - s.x0?  10* 3/3

Rate of appearance o“ shigella having no known antigens
in

a) positive loops 9/24

b) negative loops 1/9
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